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Abstract of JP2002369574 

PROBLEM TO BE SOLVED: To provide a high 
performance drive system of a synchronous motor 
which can secure the reliability, without using a 
motor current sensor, and further, is hardly 
influenced by noise, such as ringings, etc. 
SOLUTION: This drive system of a synchronous 
motor detects the DC current of an inverter driving 
the synchronous motor, estimates a torque current 
component applied to the motor from the value of 
the DC current, determines a voltage applied to 
the motor according to the estimated value, and 
conducts the pole axis estimation calculation in the 
motor by using the estimated value of the torque 
current. 
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mmmmmt. mmmmmmiz^m^wm 

tt<h. id cW|lCiit32T-5WTi&-5q c ttO^tl^n© 
tt±0«*»^I d* iiSJg^I q*££4-*5^g: 
t. ME^cSt^ I d*£*«S^I q* &ffiBlel£8c 
»*£fc*"^V>T. d c - q c «|±©«ffi»^««jrr 

*fc*!fl«^£»o. MremMfUMReMfrrsHiJii* 

1WEia«E««©«i«lftW«[C*tJ^Tltt8Bra»l«»*rt 
t>T, NGq c «usK»0«aHt* I q* & Zn&T 2> z\ ii 
[R*H2] RH*BttM«££SfE&3llni 
fit, Kttttl^&HtG'f W«-^K«Mft-r*««E 

t. weit«E«ai©«sfEttnittfc*'^€r. mmmmmm 
awn-c, mw&m&i(&\z®iE*Mx-z>z\t.*&m.ii l 

[M*Jg4] »#^3©I^JTOl&«fgl^>;*^AK:fc^ 
T. ffiBBftttilBOttttE&tiJIB. »SW41WEWI'£« 
«*»OJtJB**fflt>T. MBIiilgreiMftAfBOttStt 

(dtt) t, MGd c tttCgiA 6» SiJtJIU RSIM 

nut, immn&frzMK-i wt-*fc#*&-r*««E 

4*g;t, ftftBI3*l!«Kiatrtffi<Z>8«M (di) 
Lfcdcttt. Kd cttKH^t" £ttT&-5q c tt±© 
d* &ttHEH}*I q* t^SfSt. R 
d* q* £RElBMEft&*l::£ 

RBdc-qc*U:©«ffiif**R*T*^R 
<!:*«*.. HfllBmffifi^lca^'UT. AflrBB-f >/N*— ^ tc 
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(MSS'Xy-.AKiS^T. 

wiftmmmm<Dmmtktiim\zm-3^x. m^mmmmm 

T. fflEdtt<fc, j»«Bdc«id:0«ISAfl*«J|C-r*# 
Si. RMKA0lcX^TttG«ftft^I q* 
T * #S i * c i * MR i L fc -> 
XtA. 

Ctt*3S6] nffl«MR2:. RHJ«*ft«fcg«**BHlD 

lit, KMHURfrettB-'r >rt-^C«»Sft*l 
RStftHJ-ra^fifc. MENJfltt»M£l91Eftlfr*£-* 

©£*ffiffl£«jr«-*^R£. mrfBi^aamiiiffiraoa 

Stt (dtt) £<K5£Lfcd c»t. Kd ctttcifiS-r-S. 
ttT-*<5q c Ml±©«ilBf<fr I d* ifSfg^Iq* t 

lr»T. WBd c -q c«±©«JElf<frS«*-r53MS:i: 

T. mrfBdtti. WEd cttt©«36A 0 *«HCb. R 

WB««ffi«*«iiE-ra«EjE«K«tJv»T«»E»^ 
I q* **aS«**C£Stt«ilxfcHHI* 

[»*3i7] n*HMMI£. Rft*B«IMa££2ft&3i;!n] 

SftUtifHt. WBI?l«««i«f=liME»:»^*#A 
S^fSri:, fWBH»im»;l»rtg&©ffi8ffitt (dtt) 
Ufcdctti. id ctttCiS^-rStt-e^-Sq ctt-t© 

mmm^i a* tmmm^i q* t&*3-x.2>^&£. r 

««M*fcttBEMER»*fc*"=ft»T, MGd c - q c 
«±©«JE»**«J|L-rs^&££flf;*.. fl»B«EE»^ 

WBasK«in©«at^attfc«-^^T. Menxifiiibtt 

qctm^T. MBdttt. MCd c M^O^f A 0 

i^iAfll^T. WBra»fl«l«l©lHlteR<£ 

&MBB£fttt£tt&«>fl£K:S-^'T. I q 

* StJiltt8fSm4Ct4»iiLftPiI««t« 
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[Mr$K8] mmm 5 ~ 7 <D<sinfriz&m<Dfsimn®® 

ilftyXf A. 

Vdc*=R • I d*-a> 1 * • Lq ♦ 
Vqc>=&> 1 *• Ld • I d*+R - 

CCt. R rftEMUgfiw Ld : « 
Lq : qra«<>y47^>; 



ttKO^AlCiS^T. «HBR36AecS, TIBS: (ft 
1) T. »@-r^Cl<i:^!t#mibfc^»*l!i«l^i(i->X 
5^A. 
[ftl] 
I q* 

- <»1) 

I q*+K e • tn 1 * 



&£U JijfcfciS^T, Vdc* BdcllOiffjtt, 
Vqc* ttq. c*±©*EE»<fr, to 1 tett»880«»#J13 
ttft. Rtt«ft«0#^JS*l. Lqte«»ltttOQ«K> 

IOVO = -^-(vd I d+Vq I q 

ca»*« 1 1 1 mxm 1 . & 3 - 1 0 

IftyXfA. 

[fS^Jg 1 2 ] ftj&H 1 S&ttfflf 3-11 ©Mtl^ 
KEftOHfflMMWBI^X^Afcfe^T. ffiE-f >A' 

[*|gBO h;P^«»Eri6^*3i|CWr*Ct*4**4:L.fcH»! 

3] 2 (DmmmwimmW]^^^A\z 
t, «rErajH«»«o«»«*sjR»-r**Ri. me 

IfyXfA. 

1 4 ] 1 . ztzirnxm 3~i3 own 

tttttfettiffi. ««E»^I q* - ro(Eh^^«^^0«l 
I qcOt^-rn^OffiSrfflViT. IffEd c ^±0«ffi 
Midi £«»T*Ci:*#*£U&Haa«tt*K» 
:>X:r A„ 

5] nmmmmt., mmmmmm\z^m.^ 
mmmt, mmmnm^mm >n-5>\z®k&-tz>m 
m&mmf&mmizb)U9m3r&5-z-z>&m 



2) Ttsts z.iizftmtLtz.mmnmmmmi' 

Xf A. 
[»2] 



- ca2) 

mmmmmM&ffl'm?z>mmnmmmW]i'Xy L A\zi5 

S9Efi«E«iBO«8KlftU«*fflV»T. ftfNEI5*S«iM*l*! 

Eh*ft**4*t*Ct*«Ii:LfcB»ltl!lII 
ftyXfA. 

*3^T, MElH]3teftfiH*(C»0*^T. WEH»imWl«lO 

j»EK81«l&«rtg&0 

*3WC, jWEHME«lt^fc*tJlr>TlWEraJ««»*05f 

fi. StrEh^i'OiRfffilTmc&fflUT. SfffB 

dttt. WEdc H&OMfg A 0*ttftU KilAS 

[»*JH1 8] W*3S1 7©ra«MM«B»->;*?AK 

8i>T. WEH»l«»*o»^h;p^&«6je«J|fr* 
K. MEKMA0 IcSo'^T. WElHlfeftJg^&^IE 

C»*^l 9] fisted 1 5-1 8®Mn*»fcE«OH»! 

«i6«8ffii6->X'T-Atc*5(/»T, m^m.mmm<omm^ 

iw*a2o] m&mi 5~i 9o{njn^{cE«oin»! 
mmwtmwj^x^-Aiz^x. we-t >a— 
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m*m2 1] w*«2 ocoi^fflmftOTifj'>x^Af' 

[»*3S 2 2 ] «#Ji 1-21 ©Hn^(CtS«K©l^^« 
[|f*JS2 3] lf*JS2 2W(5|»^i!,^m»I->X^AfC 

*5^t. Mt^>n-?tf&mn\z-7 ; y7.mt.-?'(-rx 
y -.yv^^-f v?-y>?m7-tf. y^^m 

[0 0 0 1] 

• ^mummmmmmwi^x^^zmT 

•So 

[0 0 0 2] 

mmmmwt<Dmtat:no ztu<. mmmmmzmwr 
-s^fcfcT, izm-t>-v-&m^u^jjmz, m33\z7n-? 

iz, mmMmffizfem-tzmM-ty-v-zm^z. z<r>-& 
&&wm. fsimmmmcDQrm-ty-v-ttz^y vnumz 
so'^t, um±L>^-<D^t)*)\z. mm&mwifemtm 

[0003] in 3 3 tctj^T. i it®&mmm<Tico 

^ffifg^£PWM (A;i/X*§^IS) /t;uxJc^-r-5P 
dfft^Sit^frl d* Z5£±-?Z> I d* fg£g§. HHd 



§§, 1 2ttd q|ft±Wfii=&Hffi32St©fiitC^-rSd q 
a?^&3§« 1 3^f^COi0gMSC^fT5JP*l§. 2 711 

a«*^<ii^3S*Ji^c-a-r-i><fc5(c i q* ^mm-t 

2>m&MW!&. 3 0 «H»?tit^M I dc, I qc#. <D 
fg^MId*, I q*t-a-T«>«t5 C ttJEJt^Vdc 

*, vqc*\zmjE^m^^mmmm^. 3 7hhsoi 
@«i*its-r«»sssfi[B«i^. 3 8 tenmmvmmm 
mzmi£-?2>mmMi£%s. 3 9 te=m&m.z®&mm± 

<nmz%:W?z>a qffig^S. 4 1 «-f >/N*-^©j« 
KSjU. 4 2tt-f >/N*-^<73^(Hlg§a5, 4 3liPWMA 

iSi^ Sup~Swn£;*> ■ t7t^y- h F5-f A*. 4 4 

[0 0 0 4] 033 OMtegjfJ&Sg 3 7 ffiMiB 

2.. ii^J^fi2 7 tmSit®^3 0^. ftS-tr 

nffi&&*<Dmi!mz-3k-r2>£o\z&mffl&?z>. z. 
tut. *fj*i 2^««*#«it*ffl«n^H^: 

IBSIlfcSCft [III], No. 97, p. 963-9 

6 6, mmm<»\B.mmi£Winiz&2,*jKM&mm : E- 

[0 0 0 5] ffiS-fe>ii-i:mil)^Satir>-9-c75Vi-rtXfe 

- 1 5 3 5 2 6 «fBB¥8 - 1 9 2 6 3^38 

tcBB^StlT^-S. S3 41*1^4 0«-f >/N*— ^©ii: 
SiEttMEI 0tPWM/t;W»»*6. tllfS^ig 

«»-r5*-**»f«ije»-e**). 033 
t[^— Tabs. 

[0 0 0 6] l3 3 4T'(i. «ft««tt«ll[ttttttl«t > 
S. ^:-^mi9it}t^g§4 0T'«. fi«mfliEtD«||±|<i I 0 
SfESJtSU. COHtttl lcSKH812Y^ffl*T 

s„ *ijfflisg2 yt'«, i lcci^i, mz.\-£m3 

[0 0 0 7] ^C. ^-^^«t«l^i§4 0©»f^*, 0 
3 5 (a) ~ (c) &m^xmm-?Z>. 03 5 (a) ~ 

(c) «. §tgcDPWM/i;i/X&jg*^LT*3 0. -?-n 

-etl r lj (Dm\zy°yXM<D7,-( (Sup, Svp, S 
wp) Sr^->, TOj <Dmz^^i-xm<D7.-i y9- (S 
un, Svn, Swn) £:*>-f-5>. 4". liitW3 5 

(d) 0>«fc5&*£s<Rjrr*£. -r >A--^©at«t« 

Mt^Uifiil 0«, 03 5 (e) ©«fc5^:^^^-5. 0 
3 5 (e) CD^J^fCfi. S04^t-FW5. 

(1) t-Kl : Sup=ON, Svp=ON, Swp=ON 
— 10 = 0 

(2) ^E- h* 2 : Sup=ON, Svp=ON, Swp=OF 
F — I 0= I u + I v = - I w 

(3) t-K3 : Sup=ON, Svp=OFF, Swp=0 
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F F — I 0= I u 

(4) =£— H4 : Sup=OFF, Svp=OFF, Swp= 
OFF- 10=0 

.tor. ^e-k o) T-w.m.nffi&8im-m\z n u j 

t-H (2) Ttt Tlwj ZtftfiT' 
£3. Ivtl I u t I wi^e>S^*LT*i*tl«J; 

[0 0 0 8] 

[%WDmikis£oti?z>mmi m3 3\zmvrz^^ h 
)\,$mmt>vu7.tt<Dm&, *»^c*^-fe>*4 

[0009] *fg?»m, mmmmm^y^^m^-r^m 

[0 0 10] 

ussi&ffiu ^(Dxzzfrz. nmm\zm.nz> h)vt> 
nmi&ttzwifeL, t<Dm^.m\zm^^xmwim^o)w 

[ooii] *%Bji<nmmmmm<nmmyxTi>te. in 
mmmmt. mmmmmmiz^m^mu-r^^ >a*-^ 

gH>A-^«;b£{ft;&T£ili^il<h, KHSft 

i d*tmmm^i q^&^zz^&t, mmmm^ 

I dttmmm^l Q*hmm®^m^t\zm^X. 
d c - q c «6±05m/EE^^?^-r £ffi*.T^ 

^iMo> M9mffi.nM<nnm&mm\zm^T . mneif) 
«sm»^^cDh;i,i7mSit^^«l^tS^L. testes 

[0 0 12] 



xmv <mwrz. 
[0013] mmm i ) m i 

n) %£fg, 4««»^^^»-r-5¥^x-r->^>^ 

coi* \z%lw&z>mwi:>?'< > (Ptemwt&coffig:) , 7 
s^&is e c &mw^z>mttm. 8 ««®j*?i^>ikmw^ 

# (dttuSft-) ©fllgitJg^ I d* I d* fg£ 

®ifjSi<oh^^m^^&«i^^-r^ i q«^i§, i 

s^^x, m^f^i q* zmm-tz i q* »s§§. i 
i lii^ftniEt^a) i * , mffim^r id*, <mmm 

^Iqt CS-P'^T. d c - q c $ft±<0®ffi*^? Vdc 
*, Vqc*S?SS:-r-5*K^^I§. 12ttdc-qc 
fftJhWfiiJEf^p-Vdc*, Vqc*£. H St fBl±<E> fitted 

zffif&?z>m.ffimmi$. 4 2 yn-^n^m^u. 

A\ 4 4«<>/\*— ^CDiSffiSSitS^tli-r-2)SgiE-tr> 

-y-, 4 1 \\z^yn-5> 4\znii*mm-tz>=m : $zffi.n 
k. 4 1 2«=ffl32atmMs^^-r^»^^— h • 7u 
■y^, 4 1 3\mffimM\z^£n2>mmi$.ft$:mffl-rz> 

[0014] 0 2tc^-r**iiC»Jomi<)^i!)->x^A 
&mmm, tm mmmiz^n^n 
-5. 02 \zvk-?£.oiz, mm "f>rt—?mz$>z>Mffl 
#-H±{c, ±ie^ 1 *^ 3 izm-rmmzmz-T^ 

[0015] ^tr. HitrscJ^T, xmrnmcomftz 

[0 0 16] Sfc. I q«I^S§9T-«, ifi«t*^ttJM 

i otcso'^T, sifj^^h^^mffi^sjt^?^ 

L. I q* ?KJrg§T-tt, f©WON^i«^i 
^fi Iqc(CSO*^T««t^ I q* SrJSSCf^.. I d* 

MS8tft m-£<F>mm.m<$i 1 d* ^ix. 

d*=0£ij-x.-5. 1JE^i«#§§l ltlt mSd^CD 
«^^/Sfflf^C^a) 1 *t«Sitfi^ I d*. Iq*tCS-Sf 
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^x. mmmW)m5^omumi£T'$>z>w.j±mi}v<ic* coo 17] 

Vdc*=R • I d»-w1» - Lq • Iq* 

Vqc*=a> H - Ld ■ I d *+ R - I q*+K e • a> 1 * 

CC-f. R :n8l®mtK. Ld : dM'f >#**>7>* 

Lq : qCM Ke : SH&gtoiS^SEgjt 



[0018] 5$ ( 1 ) oSMItSCtt. ii^cD^? hJUMfl 

p. 7 8<z>5t (4.6) ee*****. 

[0 0 19] 'AiZ. SC (1) T?*«>jfc«jBEii<frVdc*£ 

^rfitv 1 * Kijs**i(i-r*. pwM3*£g§3-m, mm 

^SR^SIBftb, |5|»ra»)1S5 fc«JEE»*Vdc*, Vqc* 

k *g m t & m l£ £ EP An f s . 

[0020] &\z. &&nmvpzf$iwt2>. mmm^m 
ffggi lm a: (i) fcs-^^T. «jEm^**»-r 

5£ (1) ^ya^^STS-Ti:. 0 3©«J;'5K:& 
1 4ttStggg, 1 1 1 tt««j«(D}g*itffl (R) KtBHS-r 

sy<>, 1 1 2 «dw-r >^^^>x (Ld) tcffl^ 

-r-5^r*'r>. 1 1 3\tq$ti-i >¥i??>X (Lq) (Cffi 

s-r*y'f>. 1 i4ti^s^» (Ke) cffis-r-sy 

[0 0 2 1] Si (1) ii3 ilC^-r<fc-5IC. Sffijg^f 
(ifliC^tOR, Ld, Lq, Ke5:ffll>tSft 

mmo<D®&mm, mmm-c&m-rz. 

I 0 V0 = -^- (vd Id+Vq lq) 

[0 0 2 5] W«fc'3l::&& <> CCt, £S&3/2«, d 

«*ttl£fc*. St (2) 
2 

10 VO-Vd I d 

3 

I q = 

Vq 

[0027] t/3.9, w.ffinffi&mmi ofrznmmo 

©itssmffiv 0 iliilEVd, Vq, SKHSHcSittl 

2 

— 10 V0*-Vdc* I d* 
3 

I qc= 

Vqc* 

[0 0 2 9] t. LT, «Mtt<Z>h;i'?«ffiJ$3' I q5l 



1 1 k-**.**»ah«*»*g> 1 * ts^Jt^ 1 d* 

*«. ^^frl q* tt. hJI^KJSET 

mmm^i q* t, ^bcfwa 
^1 q* &itamizfti8.-?2>fr&fflmv>#'f >mc&«. 

3t«tiqcc»^T, mmm^i q* s^-r-s. 

[0 0 2 2] 041;;. I q«l^g§9©«Be*^T. 0 4 
Kfc^T, ftF*f 13tl4tt, 0 3 tl^— T£-5„ 04 
T, «ff 15H tfilffiWS^lV 0 ^^4tSV 0 
1 6tt«AO**y'f >, 17 1 

8 nnnts 1 •#>7)\,mmt*vtmm-r&mmm-z*>&. 

[0 0 2 3] #.\Z, 04©»jf^SrlKBJt-So 

[0 0 2 4] 
[&2] 

- (92) 

[0 0 2 6] 
[IS 3] 



- (S3) 

[0 0 2 8] 
[»4] 



- (§*4) 

i£ (4) S^Pu/i7 0T«aUfct>©*i0 



(7) 



#12002-369574 



4 -ess. vdc*ivqc*(i. «#jajw2-fc*w-att&*& 

[0 0 3 0] b)l>?mm.tiZttMl£.miqc$:m^T 

9,miBft i q * £f£firrs. m i \z&vz>$m i o a«. 

i 

I q*= • I qc 

1 +T r ■ s 



I a*«JM§T*B. 

I q*£?1*^-fS. 
[0 0 3 1] 
[&5] 



cas) 



CCT, T r : R$£8k. s : ^y^XKD 1 ?- 



[0 0 3 2] 5S (5) tt, — ^jSti7-<;u^-r*-5**, 
8fEfi6»«S6fiIqc*i[»««t»^I q* ttSi. 

«J*#«iJ6tt I qc©as*«*# Of&frS, IftSlJfcflO 

[0 0 3 3] (£ifim> H5*ffl^T**tt«*Bl9i 

2BS, 01©3iffifiB2©ftfc>Df::ffl^S. 0 5 ©?£ 
^6-13(1 SiiSflSJ 1 <Dm— ##©t>©<hl^C'T?& 

S I oy>tf>y • y-f >T&So #*;B60iJtt*i60!l 1 
K. I 0^>fcf>y • y-f >1 9*iiJHlLfc. 

[0034] **sfi«©»fp*Rijj-r.5. mmm 
sc (2) 

— j6T?*tltffcWt«&ffttH* I OttmHUTZ. ioT. 

©»«£> iittcj&UTttttrtiifJ:^. i^x, lass 

[0 0 3 5] &i5, «SC£lJfi£» to 1 * ©^IE« A to I 

on, je*tt«Ttt«K:Ts&S*«*-5©"r. i oy> 
e>y • y-r>i 9it »zwz*ft±wi» 

[0 0 3 6] (A1IM3) H6*fflfrvr*ftMM6K9! 

\z#^T, flf#6~i3li **SC»J 1 tR— #-st©*>© 

<^T, m^ft^&»}§^to 1 * IC^IEM A to q£J!J0*.S 
Afl c=Kh(I qc- I q *) 



i qy>tr>y • y-r >t&s. *%itMt2. *m 
\z i qy>e>y • y-r>2 osi6Jni,fc. 
[0037] wz, ^mmmomttzmw-tz, m 

❖wit K«iES3bnAfc*». *nmmT'\t. b)u?nm 

So B8K*8f.&UJ« I Ott. MMM®ffift«*lCiBHL 

So ffiot, A#h;u^©^»tc^bT«. ftffifh^* 

*fc«£tAffiiM*if<frft> 1 * ©tt«#*giT-#S„ 
)te«»J-ett, MI^«BJ«#*:£«Iqc£fl!^T«»A« 

[0 0 3 8] &*3, m»:ftJfifc§tif<r!-co 1 * ©^MA 
uqtt, ^iSTttSCtS^S^SSCT, Iq^ 

> tf >y • y^f >2 on i oy>tr>y • y-f>i 9 

So **ss^j{cjco. fiii^T© bjvzfkffi&mizttv 
x%$;m\zmmT"&z>. 

[0 0 3 9] (*JS«4) H7~BI9*ffl^T**aSffil 
7\Z&^T. U^6~13li, Hfri^©HSS^JlC*5ttSI^ 

-s^cDtiot^c-cabs. «f^2 i \$nmm<ommm 

»^v»T*ftA««ft»*» i * ^©^iE»£?nfrirs 
Mtt^yoT-^So 

[0040] ^tc. 07 &m^x*mmm<nmvF*mm 

•TSo 0 1 ©frJ$P8B2 I:MIT, fr^f 2 1 ~ 2 3 £J0 

^.fct>©*i, *nss«ajT«.s. mmmm^2 im 

©dQ«*»6«»Ufc«dlWll (d c-q c*ft<»:S*-r 

s) ©Riifig»i^«-rso ©»it3gfiiA 0 c ©ssgLtt 

TfB^fr«£oTfT3o 
[0 0 4 1] 
[£SC6] 

- (St 6) 



(8) 
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3 (6) S;Mfl2bfc7Pyi/*<, i9ffeot, ft^f 
2 11tt, mmWin<Dfcl£)0>itmy'(>Kh-£$>Z>. I 
Q* te, mifj^^TODLT^-SmJUloac^oT^-S 

ffl\zm$iLT^z>z. tizttz. it3t, 3£ (6) tc^r 

&?\Z. Iq* i: IqciWM^jR^L.. Jtfl^OKh 

[0 0 4 2] P^lt^ffl A (9 c #IE<DJt£, 0 8 d^T 
S#«t0. SifflWld c -q ctt^ d qiiO fcitA/T 

ESAcol AwKO) <£riJP^_. K^A 

e^i^t. m\z. mmmfemAe ctffk<D®&\*. m 

IPX.*. Z\tLt><nmtf- (PLL»f) £3|igLTV>£© 

0 7 CiUtST/n-y^ 2 1 -2 3T&-5. 
Jgy-f >2 3(t SSi^fiA 0 c ©JR*RFM*ft^-r 

[0 0 4 3] Bl 0€J8fr>T*&ttM£K 

grr*. aioa, a«i2ECDi^b, *<Mfli 

gf2E$, 01»ft^^B2©tt:bOt;:fl!^£o 0 1 
0 K&^T. 6~13t21~23li, Mj££>H5£ 

iii^iA 6> c K*t?nT. 'nxm* i q* s**-r 

[0 0 4 4] JfcK. 0 1 0 ©»fe*K9rr*. **JSfi»J 
Ttt, 0£«f|l|ti!>tt2£}ft£ttA 6» c £fflt^T«afES-3- 1 q 

f aottisisiiffiMAe ct?»*. "b-s^A/. mmmm 

[0 0 4 5] fc*5. 0 1 0 CiJttS I q* 1 0 £ 

■SCOTT. h;P^ftdll«rt«K*»fi**»^afca:*. * 
<D*§£. WL^fi!ffli§2 4tt. PI tt 
«. fe«W2P I D (J£fl ■ fart • ftijffl!^*** 
C««m«J:l». M\Z, I q* }S@§§<*:»ffl-r*^^ 



[0 0 4 6] (HSS0iJ6) 0 1 1 €fflt>T**ttil£ft 

hjt-5. 01 ltt, ummm2 f u #fWffli 

8f 2F&. H10«»SI20ftb!)i:fflH4. 01 

1 CiJI^T, W^-6 — l 3 £2 1-2 3<hte. FiiJiicD^ 

ft«*RIC*«-r***y-f >, 2 7 ttHi!)BI©ag£ 
-«»c«|»-r*ita«*«T?**. *HKM£. *«6fl 
5 W4. h;P^««»2 4©«tJl)K«F^ 

2 5-2 7*tjiJo$tlfc^T»*. 

[0047] 01 i osj^^siBj-r^. ^ussey 

tt, «fftt*«y-f >2 3*«ffi*-r**|jE*Aa> 1 

v»t, i q* sffrsr*. *nss^jT«. as 
»*T«»»fri q* s^-r*. aggfiifgit, 

[0048] mmmm^-i > 2 3 ^a^-r-sttiEfi a 

t>K^*£fcIE©tti:&*©T?, gey<>2 5$^L. 
S. AW*, 03 1 CDjg^$iJffll§§ 2 7f3*5tt*A* (3 

T, Sffijt^I q* *^»T*. MS$iJP§§2 7tt, fl 
X.«, ft*8«(2»flgfrJWCfflV>-5P I IHfl, P I DftlJ 
*&^*ffl^ntf J:V». I q* Sf^tffffltS 

* * ^ tenftmmumt&Ttai&x*. 
[0049] *^mm\z ^tatmm.Mmm^^co 1 * 

*. 

[0 0 5 0] (*jfi«7) HI 2*ffl^T**JSCT*l» 
«f5. ai2(l aHgi2G©iE£^L, 
8i2G^, 0 1CD$iJP^g2cof^t5*3(Cffl^-5. 01 
2tC*3^T, ^6~9, 11 — 13, 2 1, 2 2, 2 

6t2 7te. mm<nmm&\<nm— ^^htDtmux-^ 

-6. i^2 3G(l «^^^tr^^T«^$tlfciSSW 
«AAMiftft»^o> 1 * »&t«$Sttffi0c6 

8difr*;p-^««ttv»«*3 o {^mg^it^y'f > 2 3 g 

C»tJl»T. ii««<JfPS 2 7 39«««t»^I q* SrSffb 
[0 0 5 1] ^(r, 0 1 2 <7)»^<&ittBJ-r€>. **JSfl 
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[0 0 5 2] ©JffllgB2 GTH, ifigfrt^SittSajM I 0£ 
JM"*. IHitttAd c -st. 

tyi , >2 3G*i, mn.ftmfoginoiczmti-rz. z.<d 
sMttdt^y-r > 2 3gh aflMijestLTfcttWB 
u ;msfflnTa««»*fT'5. ««*«t)fey-f > 2 

3G©m^jT*?.«^il»Sccolc(C. ffty-f >2 6 
a>rc£HIE*«ra<fr<0 r* £<Z>fiIM£i£«3i<Jflllg3 2 7 K 

[0 0 5 3] z\z\x. Bfrl2w*ig«aj (MAtf. 0 7fc5c 
[0 0 5 4] &*5, 010, 011, 012 (DMMmx- 

h;i^iww»2 4. »*^ttaae«j»s2 7©m* 

<&/H<^T, ®ffit*t^Iq* SfTl^^, CttSCfMffll 
S. H13H 01 2©«»8B»C»bT. it««Mffll§§ 

f Lxi/^Pi-esi.. 0i3t*5^T, wm , 9, 1 

1-1 3, 2 1, 2 2, 2 3G, 2 6, 2 7B, mi 
28t29H a««W*«©tB*K:ai^T, «8iE»^ 

i d* tmmm^ i q* tzMJi-rz i d* *r—#7— 

I q* 7 : —?7—'7)l'X'$>2>. 
[0 0 5 5] affSORUtmiMI®**. *A&Ht'«fc 

mt£.V)\s9\zmvT. mwjmizmnzb—fjMD&ffi.m. 

&&/MZ?&nmiBft I d* <fc*«E»^I q* 

Vd = (R+ s L d) I d — a> 1 - L q • 
Vq=(R+sLq) I q+ail • Ld ■ 

[0 0 6 1] iSiD, 
[0 0 6 2] 

1 

I q = {Vd-(R + s I 

d)1 - Lq u 



* *©h;i/*fc&fi&*«t»<fr I d*. I q* 

* 3&»&«MJt^I d*. I q**#**tett, # 
P¥ 2000-1 16198 *&tt0H 2,03 ^ICIS 

[0056] &MM8) mi 4%m^T*nmM&m 
mtz. 01 4«, mwmm2 j &^vtch<D-?$>t), 
**sws«2js, ®i\z$n-t?>mmmm2<Dttibr>\z 

ffl^S. @14T}J^6~9, 11-13, 2 1-2 

3, 2 5~2 7\t, fflm<DmMM<Dm—gtn<Db<Dtm 

VX$>2>. «F^3 0tt. qM^4fl£ffiIqcOfi««»E 
[0 0 5 7] *%K0|«)|f«R9lt«. 01 0 

-0 1 3 \ZKLtzwim^mmiz£nti, i q* Stim 1 

0S«t>fl:t»»*I q* 5#5Ct^T'f5. * 
fc, qttJG£^ffl%aiqcg#«. ftfttttftiftttitt I o 
5«#T€f*©-C. I qc^SStfg^" I q* \Z— mtZ>£ 
5\Z. 11411 01 lOWffiMfSc, 

\z. nffifflw&3 ozmuvrz. mmmm^3 ozm^ 

X. QttriE»*j£«Iqct««m^I a* 
<t5fC, «£E»^Vqc» K*iESiniA.Tl»*. 

±0. nmm^i q* \z. a^tqw^ft^ttiqc 
0d*ji. 0io, 012, 01 3 (D^mmizhmmx^ 

-5. 

[0 0 5 8] (3li6fl9) 01 5£ffl^T#Sij60y£itt 
"jr*-*. 01 5 ««lgM}f 5£2§ 2 IKOiMiLtfc 

3, 14, 17, 18, 111, 113 tt. CtlST© 

[0059] )k\z. *mmmcDW}tt&m.w?Zo :ns 

•C©#**«lC*»*«|«Sg«||C»7?tt. * (6) (0 
9) fcflteT. lit^lAflc^ISLfe. **SS0i] 

[0 0 6 0] 
[*7] 
I q 

- (»7) 

I d + Ke - w 1 

[&8] 

-d) I d} ■•• (S18) 



[0 0 6 3] T£>£. mjEJg^-Vdc*, Vqc*«i:, 

*g&CDp]g8®K)^<Z>d qtt]±«®flEVd, VqCDK^ 



[0 0 6 4] 
[«C9] 
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V d = Vdc*cos(A 6)- Vqc*sin(A 8) 

V q = Vdc*sin(A 0) + Vqc*cos(A &) 



(St 9) 



[0 0 6 5] SC (8) (9) cfc 0, [RIO] 

[0 0 6 6] 

- {Vdc*cos(A0)-Vqc*sin(A0>-(R + s Ld) I d "V 

<a 1 • L q J 



q — - 



,%sln(A0>* 



Vdc*cos(A G)-(R+ s Ld)ld+a>1'Lq«lq 



Vqc* 



<&1 0) 



[0 0 6 7] **#Sn*. :ilT\ cosA0=l, sinA [0 0 6 8] 

0=A0<Z>ififla£fr5£, [*1 1] 

Vdc*-(R + s L d) I d + oi 1 ■ Lq • Iq 



A 0 = 



Vqc* 



[0 0 6 9] **f»sn*. ±5JCK*HT, «#JB£*« 

Vdc*-R • I d + « 1 • L q 



A 0 = 



Vqc* 

[0 0 7 1] 3^#6n*. S (12) S:, I d = I d 
*, I q= I qc ^Diy*H"Caat-5t, 

«l€«JSA0 c*«H9«kOS6»CBk»Sn*. ^^>^ 

[0 0 7 2] (ftttffll 0) HI 6*«^T**Hi«* 
B^TT*. H16H Wi*^2 1 LOiSSS 

U ttmn«l^3l2 iL$;:nSTO*«Wl:fi»5» 

2 l^ftfeOfcJBHS. il 6(7)^1 3, 
14, 17, 18, 111, 11311 cn*TO*l 
WOK— S^fc^ilDtfeS, HI 6£>?$-*f 2 1 2 

[0073] wz, *mmm<DW)ft*mwTz>o 

mx*te^Mm9T\ WESC (11) <£>IR#JS£, 
f^BIl 6^*T««*cbfcJlt«:tt*Wj:*. HI 6 

[0074] (mt&Mi i) hi 7 &m^x*nmm& 

I q#i^2§9M£, cn*TO^*fi0»J^*WS I qJf5£ 

3 A 

V 0 = (Vd-ld+Vq 



[0 0 7 0] 
»J2] 



:i 2) 



»9©«tot)Kffl^*. 131 7l:»W, «F^1 3, 1 

4, i 6~i 8 £4 1 3«. m^<Dmt&M<Dm— #-*t© 

feWtUDT&S. ?$^4 1 4«. ¥ttn>^>1t4 1 

[0 0 7 5] *mm&l£, B4ifflfflE§H -f>/\*- 
^<©a»itm/E*^tB-r-&mffi-fe>+t-4 1 4£t8W\ •£-<£> 

[0 0 7 6] (^JfifiSJl 2) 13 1 8&ffl^T*SIJfifiaj* 
SMUT*. 01 8tt, Iq«gS9NO«)SS^U * 

©ttfcOfCffll^-S. 01 8»C^V»T. ftm 3, 14, 

[0077] **jt«Ttt. -f >^-^**»»-r*«* 

#£#JtLT, q iWl/5jc#}f I qc -f >A* 

-^©Jf&Pinv (13) \Z 

[0 0 7 8] 
[»1 3] 



I 0 



+ P inv 



;i 3) 



fc£L>* Pinv=Kv • fsw-V0 2 fKi • I 0 Z 
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[0 0 7 9] ±iCC*JHT, f sw«-f W^-^W^X 

-j- (lO • VO-Pinv) 

I qc= 

Vqe* 

[0 0 8 1] SC (14) s/*B.T*-r<t. 

hi s^m-rm^zts.*. sea 3), (i4)fc*>tt£ 

Pinv SffHlfr*IRO#«*. Kv, Kill 

[0 0 8 2] U±<D& 51:, 118 Id^T I q Jt)£8§ 9 
N£fflH*££T, -Y>A*-*Tfg£-rs*fBfc#£#If 

(*JS0U3) HI 9Sffll»T**J6fifU*ia^-ra. H 
1 9tt, -f >rt-*mik$LM.&3 1 P©«lS*5SU * 
iSff§§3 1P£. 01 8 Wt-jrgt&iftJMft 
3 KDtttoOtCffl^So HI 9©fJ-^l 3, 14H i 
)&©*fl£#J©l^— #^©t>©<fcl^t;T&So ^-^3 1 1 
ttft*©«J|cy-f >, 3 1 2te«#g§ «g»Te) * 

So 

[0 0 8 3] (i3) {c*5tt€.£ia mmxijm.fi) 
t, #22*1* («»jt»©*ii«*) toss**. -r >/i 

-^^^-rS«^T*S<DT. A UJ*© A -7- 

com^mW-L. -Y > A'- Pinv tUT, qfftjsfc 
#J£5£II I qcK*iIE£Jrax.-o>. H 1 9 Ttt. Bfc«fc<B'Jtf>*B 

-rs 0 

[0 0 8 4] Jy.±C0ot5{C. HI 9©«*£©-f >A— 



So S (13) CS^'UT. q SS^ltStt I qc^JtlE 

[0 0 8 0] 
[*1 4] 



- (ai 4) 

m^mm^3 1 psim. -r >^-?xft$i?z>m£i 

#*#>7-f >-?iR3¥U q I qc£««ck 

<H-»T?#S. 

[0 0 8 5] (SHJSm 4) H2 0*ffl^T*5W(S«* 
H2 0«, fflffg|E2Q<7>:fftj$&7i%U *ffif 

«si2Qs. hi \z&vz>fflwmm2<Dftt>vizm\,* 

So H2 0C43t.iT, 7, 9-13, 2 1~2 

©M^^tl. I d* ^4gt"*5. 

[0086] *mmm<»W]ft : £mwTz. 
fc-a-T. «»«h;u^*58fe-r-6t>o*«*-6. c:©«© 

«»8,©*^. iillSld^T-ftXClLfcfl 
MI/*j6*0. I d = 0{cftij«-rsct 
tt, ^^(D®T*#?gT*«^^o -rat) -6. 

at. -ratto*«*a**-r«»«*tift-r**^tt. #k 

aftfttt. rpM^E-^oiwiWtetiaiE^iSfr 
is^ttit^j . m^^mxnD, ¥^6^, 114 

#6^, pp. 6 6 2 - 6 6 7fcB««**oT. -©X 
iSK*©5S: (5) Kft3<i:. 
[0 0 8 7] 

mi 5] 



q>m 



0m' 



2 (Lq-Ld) 



4(Lq-Ld) ! 



+ I q 



(®M 5) 



<t>m : jiXmsmS.* Ld*Lq 



[0 0 8 8] £&9, h)WfSMlq^itlll 

[0089] ^mmmx'it, i a* mss8q*j. «tt 

m^l q* *ffl.»TSC (15) 

S. /its. a; (15) ©StJUc. I q* XU< 

qfttf&fr^M I qc^ffl^S^fcT^S**. jlzgBSC: 



SteT^So 

[0 0 9 0] (HifiCSJl 5) H2 1. H2 2*fflW* 
i2 If. flf^6, 7, 11, 12, 28, 29 

it, m&v&mmiz&i-tzm— &n<r>%<Dt.mvxh 
So ^32 «ifiiK««EMai« i o cs^t, 
©5i£-rs hjp^snejeaijir s hjuzmiz®, fts?3 

3ith)l'^m^.mTmcizm^^X, hJl^m^Tm* & 
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[0091] *mmmvs.mw}mv>&Qih)v>7Zu&mM 

Pm= w r Tm 
fcjfc'U Tm:ili0^h;i/J' 1 cor : ^SjS&CDIhI 

6) ft^m 

io • v o 

Tmc= 

o) rs 

[0094] coct^tc, mt&mmmb)U7*:m?£m&-c 

£•5. S (17) 5^Py^0TSti:. 0 2 2 fc^f 
[0 0 9 5] 02 ITU r-;i^Jt«gg3 2T. 

Tm* «*§§T-. M^fg^Tm* h 
JWMTmt coSdffcH *SS0U iB«i:. Sing 
^ <0d*.tf. (5) ) 8ffll>TH*. b)Vt?m<frTm 
tiWSnntf, I d*. I q* 

r-5'f-7Jl'2 8 t 2 9 i&fflUTMtS. 

2 9fl $tMW7 (El 3) 

[o o 9 6] **«s«t±n«. h;i/^«5t»*fflt» 
■€•©***, fS^^a««fiE-e. «»«.<03&*«*{fcifclff 
[0 0 9 7] ($I(<|16) H2 3*fflHT*3llS«S 

fit 2s^, mnz&tt2>Mwms2<DRt>Qizm^ 

5„ i2 3 K&t^T. 6 , 7, 11, 12, 28, 
2 9, 3 2, 3 3H mm<D$£MM\Z&i,f2>m— S^O 
^©t|W|DT^-2.„ fifl3 4tt, h;l^8t5£ttTmc£ffl 
t^T, «ft:ftJli£j&ft^co 1* t'^IfiSAwq^JijPx.^ 

h;u^ • ^>tf>^ • y-f >T?*S. #£«0iJtt, 0 2 

10KSJfi«K»L/T. NW-y>tf>^-yi'>3 4 

A 6 c =Kth(Tmc-Tm*) 
5£ (18) ZmmitLfc-Ju-yZtf, @2 5t*5. 0 

2 5tct5^r. ^2 i nil mmmwinorzitxmt 
mz. n#cig!fl«^i;fc»^tt, -^ntcitk 

l/feSiAff^. dQitdc-Qcit©IBi:f4l/ 
T^diK&S. ckoT, 5£ (18) (3St-rJ;5l'. 

^m«i^<ba 6> c Mtns, z.nmx-<Dmmmtmm 
\z. mmmmfef-t >2 3^lt, &ffi&meczm 

[0103] (*lfi«l 8) H2 6Sffl^T**MI«i|S 
MITT*. 02 611 IMI9gB2U®#|j&&7i%U 



[0 0 9 2] 

mi 6] 

- aie) 

[0 0 9 3] 
[Stl7] 



- (Stl 7) 

[0098] h;i/^«t5£§§3 2tii mn^mmmv )v 

*S*TmcOlE{k4:ttt)TSn*©T?. WP*«IJ£ttT 
mcSfl|V»T. «^A»»[|»*&^a> 1 * stfiE-rna. ft 

Hrlh-CS«. SISiAif fe&fg^co 1 * C0^IE*A 

[0 0 9 9] tU:, #26S*5W::«fcoT. ft«f*»K:»L 

[0 10 0] (*»«17) H2 4tH2 5*fflHT* 
*«S0!l£«lfrrS. 02 411 MSI2TOM^ 
L. *SiJWgfi2T*> 0 1 ©fMffllgB 2 ©ftfr OKfl! 

I2 4T, ^6, 7, 11~13, 22, 2 
3, 28, 29, 32, 3 311 Wjffi<Z>HSgWC*3tt-5 
H-ffOfeCtHU-e**. ft^2 1TB11SIOI 

[0101] 024 (DmftZmWTZ. 0 2 1 CD 

RKttbT. $m2 1 T, 2 2, 2 3 SAD*. 
^JfitajTfeS. ttlf£Mi££8§ 2 1TT11 

iiflAfi c STfEST'ifidrrSo 
[0 10 2] 
[»18] 

- mi 8) 

5. 0 2 6 fCiJt^T, 8^ 6, 7, 11~13, 18, 
21T, 2 2, 2 3, 2 6, 2 8, 2 9, 3 2, 3 3 
tt. iiu$cD*5£W::*5tt-&|fl]— #^cDfecoi:|^DTfe 

[Hlteji«m^co r* T'tefc<. B^Mf^iw 
rc£fflt^T^"g>,&;^ 02 4©*5£0<J<t:S&-2>. 
[0 10 4] |sllE%l£$£fitc<>rctt. H 2 6 fcift-TJ: "5 

fc, tt&ftH&sc$*a> i * tcMiEfiAco i *nmvrz 
mt. ^ (i6) \z7jk?&5iz. m&wsimmm&m^ 
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[0105] ($KM19) H2 7SffltJT**tt«* 

Wl^«t5£f§3 2 0ftbDCfflH4. 02 7tC:fc^ 
T, »^14, 17, 413, 41411 fl&i!fi©*J60iJ 

*Stftl£tttUttVO£JSfrvr. h;i^Jt)£ 

mttsm>TW^«fe*Tncs**TS*fc». mas 

[0106] (^ttff|2 0) B2 8*ffiW**l(S«S 
RWt5. 02 8tt. h;p**56S3 2W©M^i 
U *HMjf)l»3 2WS ) Cin*-CO*lfi«K*tt 
£h;i^Jf5t§§3 2. **V»tth;Ud/*^S3 2 V©tt 
Ploss = K r (I d*«+ I q*2) + 

lossH 

P loss= P inv+ Pmot 
Jb5£££l?Sj||&«#*U h;P^*)e*ff5 
t, 02 8©*J&(;:&-5. ^±©.£51::, 02 8©#ts!c 

[oi io] mmm2 1)02 9*ffl^T**is^j$ 

U *«JW3 5XS, H2 8Jcfilt*^«i«ciStiF»3 

P 0 =co r • Tm+ P loss 
t*5tDf, SMHiAPm (=o>r • Tm) tAAf 

^pocD^^?g©b, pioss*«is«»-rntf, ^->5 

££«fl-U £»jfcPloss*Ji£LTV»*. 

[0112] «±©j:5(c. *mmmo-i wt— 
>"r«Jlcf*c: tattle* 0, h;p*«sj£ttTmc 

[0 113] (^JS0iJ2 2) S3 0, 0 3 1 Jffl^T* 
*i£0tJ£t&HJl"r£. I3 0tt, #*;860tJ©|i3»!«»lt8© 

3 6 SrttJtrf-5. 7^fM3 6T, it)9it«Sit©&ttHI I 
0i:^^ni.iSW^$»liti.. 7 w ^ 3 6 tt« 
Atf, 03 l i:f >r>fC f ilKR f 

— an 7 ^ ;u ^ t & £ . 

[0114] mmoAmnm&mM 1 o«, 0 

3 2 (b) C^-TJ:5a:lWftriE»*»'5«»Tr»*. - 



frOlcfflt^-g). 02 8Ki5<AT. f$*fl 3, 14, 1 
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